Purpose: This research seeks to answer the basic question, "As a city evolves from an industrial city to a knowledge one, are its open innovation activities vitalized?" Design/methodology/approach: In this research, we compare the total number of patent applications, the number of joint applicants of each patent, and the ratio of patents jointly applied, in four Korean cities-Daegu, Kwangju, Cheonann total, top 10 % patent applicants group among total patent applicants, and the lower 70 % patent applicant group among total patent applicants. The research included 144,625 patents submitted to the Korea Patent Office from 1981 to 2010. Findings: As knowledge-based urbanization proceeds, the size of a knowledge city increases. The lowest 70 % of patent applicants (rather than the top 10 %) apply for more patents, and the breadth and depth of open innovation rises.
Introduction
The creative, cultural knowledge city has recently received considerable attention, not only from researchers, but also from businesses and the public at large (Musterd, 2004) . The generation of economic growth by knowledge spillover has been increasing, and is particularly effective in cities where communication between people is more extensive (Glaeser et al. 1991) . Therefore, as a city changes from an industrial to a knowledge-based one, it is expected that knowledge will spread even more. Although the recently emerging idea of a "knowledge city" is complex and difficult to define, several perspectives have already been used for its definition. Some of these perspectives include economic, value-based, sociological, quantitative, structural, and historical (Dvir, 2006) . Taking this into consideration, in this research, we compared and analyzed the concrete process of knowledge-based urbanization of four (two large, one medium, one small) Korean cities over 30 years by understanding a 'knowledge city' as a quantitative concept. We analyzed the procedural change of a traditional Korean industrial city in 1980 to a knowledge city in 2010 through industrialization. In a previous study, Florida determined why cities without gays and rock bands were losing the economic development race (Florida, 2002) . This was done by measuring the creativity of a city through the use of its gay or rock band figures. In addition, he concretely developed the Bohemian Index or Gay Index, which measures the concentration of artists, musicians, and similar types of creative people working in a fixed region, and thereby indicated the creativity of a city (Florida, 2005, p. 34) .
Similarly, this research was intended to analyze the difference between the status and the level of knowledge-based urbanization between cities through the use of patent application data. The data used for this analysis was from patent applications submitted to the Korean Intellectual Property Office from 1 January 1981 to 31 December 2010, in four Korean cities (Daegu, Kwangju, Cheonan, and Gumi) . To compare and analyze the level of knowledge-based urbanization, we first compared and analyzed changes over time in the total number of patent applications. Second, we performed a time sequential comparison and an analysis of Intensity of Open Innovation (IOI), which indicated the open innovation status based on the number of joint applicants of each patent. Third, we performed a time-sequential comparative analysis of Ratio of Open Innovation (ROI), which provided the ratio of patents jointly applied by two or more people, against all patents. In addition, the patent applicants of each city were divided into two groups. Subsequently, the time sequential difference between cities was analyzed in terms of the total amount of patents, ROI, and IOI .
The goal of this research was, through comparative analysis, to answer the basic question, "As a city evolves from an industrial city to a knowledge one, are its open innovation activities vitalized?" To achieve this goal, objectives in the form of three research questions were formulated. First, as a city changes from an industrial city to a knowledge city, does the breadth of open innovation increase? That is, among the patent applications of a city, is the ratio of joint patent applications against single patent applications increasing? Second, as a city changes from an industrial city to a knowledge city, does the depth of open innovation increase? Is the number of patent applicants on each patent in a city increasing? Third, as a city changes from an industrial city to a knowledge city, do the long tail phenomenon, and the power law phenomenon, strengthen open innovation of any city? If possible, we want to answer an additional question, is the long tail phenomenon, rather than the power law phenomenon, strengthened for open innovation, or not.
In addition to these questions, this research resolved the following concrete research issues as well. First, does the ratio of the lowest 70 % group, rather than the top 10 % group, increase among the patent applicants of a city? Second, does the lowest 70 % group increase more than the top 10 % group in terms of patent application activities with open innovation, which represents the ROI and IOI of a city?
To answer these questions, at the first part of this research, literature review was done. This allowed us to summarize the relation between the knowledge-based urbanization level of a city and its open innovation research, as well as to analyze previous determinations of the level of knowledge-urbanization or creative urbanization. We were also able to summarize literature reviews on the power law and long tail to identify the characteristics of the upper and lower groups of patent applicants of a city. From these, the research hypothesis of this research was set.
Second, using the comparative analysis of patent application status, ROI, and IOI, in this research, we compared and analyzed the open patent-application-change procedure of four cities such as Daegu, kawanju, Gumi, and Cheonan in accordance with knowledge-based urbanization from 1981 to 2010. Then, we compared the analysis results of the four cities, and the patent ratio change of each of several industries. Subsequently, we interpreted the change of the meaning of a city's open innovation patent. Third, it draws the power law and long tail phenomenon of each city through the top 10 % group and the lowest 70 % group of the patent applicants of each city. Then, it analyzes the change of the ratio and the open innovation patent application of each city cities. Fourth, herein we discuss the theoretical and practical issues of the relation between a knowledge city and open innovation, including the relation between the power law and long tail. Lastly, we summarize the results of this research, and propose issues for future research.
Literature review and research design
Review of preceding research and setting of hypothesis
In this research, we first examined preceding research related to knowledge spillover and to open innovation of a knowledge city. From this, we created an index for comparison between the cities that have changed, or are changing, from industrial to knowledge cities. As a knowledge economy develops, asymmetrical knowledge in "regional knowledge capabilities" between regional innovation systems, or between clusters such as regions or cities, motivates open innovation (Cooke, 2005) . That is, the development of a knowledge city leads to activation of open innovation in this city (Carrillo, 2015; Hand and Cho, 2015; Inkinen, 2015; Kodama and Shibata 2015; Patra and Krishna, 2015) . Fortunately, patent citations could be used as a direct indication of knowledge flows (Breschi, et al., 2005) . Similarly, we can compare the geographic location of patent citations with that of the cited patents, as evidence of the extent to which knowledge spillovers are geographically localized (Jaffe et al. 1993) . Meanwhile, the breadth of open innovation, that is, the ratio of open innovation based on collaborative patents (ROI), and the depth of open innovation, the intensity of open innovation based on collaborative patents (IOI), can be directly determined using collaborative patent applications . The efficiency of transmitting knowledge for economic applications is seen as a crucial factor in explaining the economic growth of urban cities (Raspe and Van Oort, 2006) . Four modes of knowledge creation-socialization, externalization, combination, and internalization-have open innovation characteristics (Nonaka, 1994) . Cluster formation is a process that relies on the coevolution of technology, business models, and local supporting institutions. Moreover, a prominent feature of cluster formation is the importance of entrepreneurship (Feldman and Braunerhjelm, 2006) . There is a strong correlation between entrepreneurship and open innovation. Moreover, entrepreneurship has an additional moderating effect that positively affects the benefits of open innovation on the performance of firms (Yun, et al., 2013) . According to the results from a simulation and a national analysis, a policy promoting open innovation within a system of national innovation, even in a nation at an early stage of development, has a distinctly positive impact on the rapid growth of the nation (Yun, et al., 2015) . In addition, intra-industry knowledge spillovers are less important for growth than those across industries, particularly in the case of fairly mature cities (Glaeser, et al., 1991) . This means that maturation of large cities to form knowledge cities seems to occur by knowledge transmission that occurs via adoption of open innovation by an expanding list of sectors. From all this, the following hypotheses were formed.
Hypothesis 1: Open innovation increases as knowledge-based urbanization proceeds. Hypothesis 2: The bigger a city is, the larger its open innovation is.
The second part of this work involved looking at preceding research to analyze the trends of centralization and diversification related to knowledgebased urbanization, that is, existing research on the power law and long tail concept. According to a data analysis described in the 1996 Forbes 400 list of the richest people in the US, wealth is distributed according to a power law (Levy and Solomon, 1997) . The probability density function describing the distribution of incomes is of the form:
where I is the income, the coefficient α is known as the Pareto exponent, and C is a normalization constant (Say, 1844) . Later, it was found that wealth is also distributed following a power law (Atkinson and Harrison, 1978) . According to other research that analyzed data on wealth and income distributions in the United Kingdom, as well as income distributions in individual US states, a great majority of the population is described by an exponential distribution, whereas the high-end tail follows a power law (Dragulescu and Yakovenko, 2001 ). Mathematically, a quantity x obeys a power law if it is drawn from a probability distribution:
where α is a constant parameter of the distribution known as the exponent or scaling parameter (Clauset et al., 2009 ). According to Clauset et al. (2009) , in reality, few empirical phenomena obey power laws for all values of x. In addition, more often, the power law only applies for values greater than some minimum x. Because the increase in knowledge in a knowledge-based economy indicates increased wealth, it can be presumed that operation of the power law phenomenon in the accumulation of wealth in a region or city, is based on operation of the power law phenomenon in the accumulation of knowledge (Cooke and Leydesdorff, 2006; Foray and Lundvall, 1998) . Actually, the power law phenomenon is exhibited in activities related to the production and distribution of knowledge, such as the number of citations or the number of academic papers (Clauset et al. 2009; Redner, 1998) . Several markets have historically been dominated by a small number of best-selling products, which is embodied in the Pareto Principle as the 80/20 rule. This describes a common sales pattern. Thus, as knowledge-based urbanization proceeds, it is expected that more of the patent applications of the top 10 % of patent applicants among total patent applicants of each city will tend to be of the open-innovation type. From this, the following hypothesis is made.
Hypothesis 3: As knowledge-based urbanization proceeds, open innovation increases among the top 10 % of patent applicants of a city.
However, information technology generally, and Internet markets in particular, have the potential to substantially increase the collective share of niche products, thereby creating a longer tail in the distribution of sales (Brynjolfsson, et al., 2011) . According to these workers, internet channel retailers exhibit a significantly less concentrated sales distribution compared with traditional channels. In addition, peer-based recommendations associated with electronic commerce lead to a redistribution of demand from popular products (blockbusters) to less popular (niche) products. As such, electronic markets will, therefore, be characterized by a "long tail" of demand and revenue (Oestreicher-Singer and Sundararajan, 2010). Moreover, the impact of weak ties and improved contact management creates a vast potential for online networking, which is the long tail of social networking (Enders, et al., 2008) . Even if a research result is that there is hardly a long tail effect, if a recommendation network or a social network is included, rather than just online sales, long tails will appear in accordance with the results presented in a variety of other research (Elberse, 2008; Enders, et al., 2008; Oestreicher-Singer and Sundararajan, 2010) . Multidisciplinary collaboration increases the variance of the outcome, the so-called diversity or long tail of innovation. As such, both failures and breakthroughs become more probable. This is called the effect of multidisciplinary collaboration (Fleming, 2012) . As for recommendations or social networks, the collaboration of knowledge, such as occurs during patent creation, appears as a long tail. In particular, collaboration across diverse fields leads to creativity (Yun and Cho, 2014) . Thus, the following hypothesis can be posited.
Hypothesis 4: As knowledge-based urbanization proceeds, the open innovation of the lowest 70 % of patent applicants of a city will increase.
Research framework
In this work, the research framework (design) is configured as shown in Fig. 1 and Table 1 . As shown, the size of the cities is indicated on the vertical axis, while the power law phenomenon (top 10 %) and the long tail phenomenon (lowest 70 %) among all patent applicants are placed on the horizontal axis.
It was assumed that changes in knowledge-based urbanization in an industrial city occurs on a ten-year basis (i.e., it should be observable over a period of ten years). From this, the ten-year period in the 1980s (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) was compared with that in the 2000s (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . Rather than focusing on the information in consecutive years, in this work, we compared the status and depth of open innovation for 10 years. This was done to eliminate statistical analysis errors that have an impact on the statistical outliers created by special conditions, such as Korea's economic crisis in the 1990s (Siervogel et al., 1991) . In addition, the change in industrial structure was subjected to a technical statistical analysis to determine the change per decade in knowledge-based urbanization, before analyzing the research issues. Moreover, the status of open innovation was estimated with breadth and depth in accordance with previous research (Laursen and Salter, 2006) . Breadth was indicated by the ratio of open innovation (ROI), which is the ratio of patent applications with two or more applicants among all patent application cases. Depth was indicated by the intensity of open innovation (IOI), which is the average number of patent applicants on each patent . The criterion for determining the size of a city was population. The big cities in this study have a million or more population (Peterson, 1981) . In accordance with the Pareto Law, the top 10 % clearly appeared as the distribution connected with the power-law-measurement section, and the lowest 70 % generally appeared connected with the long-tail phenomenon.
Technical statistical analysis
This research targeted 144,625 patent applications submitted to the Korean Intellectual Property Office by applicants in Daegu, Kwangju, Gumi, and Cheonan during 30 years (1981 to 2010), as described in Table 2 . As in Appendix 1, the table shows patents in two big cities with a population of a million or more, and in two small cities with a population of less than a million, in Korea. As of 2010, Daegu has the largest population, followed by Kwangju, Gumi, and Cheonan.
In terms of Gross Regional Domestic Product (GRDP), Daegu has the largest GRDP followed by Kwangju, Gumi, and Cheonan. From the 1980s to the 1990s, the number of patent applications increased. For example, patent applications in Gumi grew 12.9 times, and those in Kwangju rose 6.4 times. Patents applied in Cheonan increased 5.9 times, and those in Daegu grew 2.2 times. However, during the 1990s and 2000s, patent applications in Cheonan increased 4.1 times, and those in Kwangju grew 1.9 times. Patent applications in Daegu increased 1.7 times, and those in Gumi increased 1.2 times. Overall, the rate of patent application in Gumi significantly decreased, while that in Cheonan rose sharply. It can be assumed that the relocation of a considerable portion of Samsung and LG-both of which were originally located in Gumi-to Cheonan and Paju, respectively, caused these changes. To sum up, the four cities showed very different results in terms of increase in patent applications.
However, as in Appendix 2: Table 5 , according to the result from analysis of patentbased industrial change in the four cities over ten year intervals, the characteristics of (Cooke, 2005) ; (Nonaka, 1994) ; (Feldman and Braunerhjelm, 2006) ; (Yun, et al., 2015) ; (Breschi, et al., 2005) ; A1 + B1 = Daegu 80s or Kwangju 80s H 1-2 Kwangju 80s < 00s A3 + B3 = Daegu 00s or Kwangju 00s H 1-3 Gumi 80s < 00s H 1-4 Cheonan 80s < 00s
Hypothesis 2 A + B > C + D H 2-1 Daegu 00s > Gumi 00s (Jaffe, et al., 1992) ; (Raspe and Van Oort, 2006) ; (Yun, et al., 2013) ; H3-1 Daegu 10 % 80s < 00s (Levy and Solomon, 1997) ; (Atkinson and Harrison, 1978) ; (Cooke and Leydesdorff, 2006; Foray and Lundvall, 1998) ; (Clauset, et al., 2009; Redner, 1998) ; C1 < C3 H3-2 Kwangju 10 % 80s < 00s knowledge-based urbanization can be determined (Dalziel, 2007; Yigitcanlar, 2008) . The approach here corresponded to the technology classification of the World Intellectual Property Organization (WIPO) and the industry classification of McKinsey. In our research, these characteristics included such as the constant increase in the ratio of high innovation industry and domestic technology industry in the four cities during the process of change over 30 years (Fig. 2) . That is, in terms of the knowledge-based urbanization trend, the four cities showed a similar trend even though there were slight differences in timing and specific results. In this research, we examined change in the status of open innovation in the four cities as they went through the process of knowledge-based urbanization. This work was based on the technical statistical analysis of patent data (Hypothesis 1); that is, the difference of the change of open innovation characteristics of big and small cities (Hypothesis 2), the change of open innovation characteristics of the top 10 % of patent applicants (Hypothesis 3), and the change of open innovation characteristics of the lowest 70 % of patent applicants (Hypothesis 4). (Fig. 3) . According to Appendix 2: Table 5 , among the top 20 patent applicants over 30 years, hardly any patent applications were submitted in Cheonan in the 1980s. Even in the 1990s, the number of patent application cases was very small compared with the number in the 2000s. In addition, Cheonan came to surround the cities of Asan and Tangjeong, which are company cities led by a single large company, Samsung Display, since the 2000s. As a result, the city rapidly proceeded with its knowledge-based urbanization (Yun, et al. 2010) . Therefore, this could be interpreted to mean that in the urbanization process, a strategy focusing on the efficiency of a leading company leads to reduction of open innovation of cities. In other words, Hypothesis 1-1, 1-2, and 1-3 were accepted, but Hypothesis 1-4 was rejected. If we assume that patent application activity, or knowledge-asset-production activity, constantly increases during a certain period, and that knowledge-based urbanization also proceeds, the breadth and depth of open innovation will likewise increase. The result is shown in the cases of the four cities. That is, it can be interpreted that knowledge-based urbanization leads to simultaneous increase in the number of cutting-edge patents and to the distribution of knowledge assets, presumably as open innovation patents. 1980s. The total number of the patents of medium and small cities significantly increased in the 2000s, and the breadth and depth of open innovation in large cities was greater than in medium and small cities. In other words, Hypotheses 2-1, 2-2, 2-3, and 2-4 are all accepted. That is, the larger the size of a city, the more its open innovation is activated. The increase in the size of a city leads to an increase in joint patent application cases, and to the increase in the number of joint patent applicants on each patent. Thus, this could be interpreted to mean that the increase in knowledge leads simultaneously to the growth of knowledge-asset production and to the rise in the distribution of knowledge assets.
Analysis of change in the level of open innovation according to the development of a knowledge city

Change in the depth and breadth of open innovation in the four cities
Three of the four cities (Cheonan was the exception) increased the depth and breadth of open innovation in the 2000s, compared with those in the 1980s
Change of open innovation in the power law and long tail portions of the patents (Fig. 6) . Three of the cities (except Daegu) have a slightly inverse U-shaped ROI and IOI patterns in spite of status differences. However, Daegu shows a slightly U-shaped ROI and IOI patterns. Thus, Hypothesis 4-1, 4-2, 4-3, and 4-4 are all accepted.
The ROI and IOI patterns of the top 10 % and the lowest 70 % of patent applicants exhibit similar patterns in Daegu, but opposite ones in the other three cities. This Fig. 5 Change of open innovation in power law parts (upper 10 %) of patents means that in the three cities other than Daegu, large companies that have closed innovation exist along with small-and medium-sized companies (SMEs) that have open innovation. However, Daegu is a city in which business is primarily based upon SMEs. In the other three cities, if the open innovation of the top 10 % of patent applicants is weakened, that of the lowest 70 % is strengthened. However, Daegu does not show opposite patterns. As such, it could be assumed that large companies and SMEs do not coexist.
Discussion: difference of open innovation between power law and long tail parts
According to the difference in trends between the power law, and the long tail, the ROI and the IOI of the four cities described in Table 3 , the total number of patent applications of the top ten percent of applicants continuously increased. However, the ratio was six percent lower in the 2000s compared with that in the 1990s. However, the patent application ratio of the lowest 70 % of applicants increased by eight percent in the 2000s, compared with that in 1990s. The long tail phenomenon of the lowest 70 % in patent application applicants largely occurred in industries where customer recommendation or satisfaction had a big impact on the next consumers. This result is identical with that indicated in previous research (Oestreicher-Singer and Sundararajan, 2010) . Also, in terms of the patterns of change for ROI and IOI, a clear U-shape was shown for the top 10 % of applicants. However, a slightly inverted U-shape was displayed for the lowest 70 % of applicants. That is, when it comes to the average trend of the four cities, the trend of each city and that of the lowest 70 % of Daegu were a little different. However, in general, they exhibited similar patterns. Moreover, in terms of the total number of patent applications, the lowest 70 % was immensely higher than the top 10 % in ROI and IOI, as shown in Table 3 . The ROI and IOI of the lowest 70 % in the four cities were much higher than those of the top 10 % in the other three tenyear intervals as shown in Fig. 5 and Fig. 6 . Above all, in terms of the depth and breadth of open innovation, the lowest 70 % was higher than the top 10 %, and the ratio of the patent cases of the lowest 70 % of patent applicants to all patent applications increased, even though this pattern was shown in the 2000s. The two phenomena show that the trend of the increase in patent applications with open innovation of the lowest 70 % of applicants, is changing with that of the rise in the ratio of total patents against the number of all patent applications.
Thus, considering that the lowest 70 % of companies are mainly small-and mediumsized companies or start-ups, the breadth and depth of open innovation in patent applications are needed when a patent is applied for, in order to strengthen intellectual property rights.
In addition, the top 10 % of companies are medium-sized or large companies, as is shown in Appendix 3: Table 6 , for the companies among the top 20 patent applicants of the four cities. Thus, if large companies strengthen open innovation during the patent application stage with SMEs, start-ups, or individual researchers, the patent assets of SMEs and start-ups, as well as large companies' patent assets, can increase together.
Conclusion
Summary
If we summarize the results of this research, they are described in Table 4 . As knowledge-based urbanization proceeds, the size of a knowledge city increases, or the lowest 70 % patent applicants rather than the top 10 % apply for patents among patent applicants, and the breadth and depth of open innovation rise. Of course, if the ratio or the impact of a large company is highly influential, other situations may occur. Examples include LG Electronics (Paju, South Korea), Samsung Electronics (in Asan, Tangjeong, and Cheonan, South Korea), Nokia (Oulu, Finland), and automobile companies based in Detroit in the U.S. Cities like these need special effort to strengthen open innovation based on SMEs or start-ups.
Implications
Knowledge-based urbanization of a city indicates the increase in its open innovation activities, but this first requires the existence of a variety of resources (e.g., colleagues and national research institutes) to improve the open-innovation activities of a region or a city. For example, as shown in Appendix 3: Table 6 , the top 20 patent applicants in the four cities were closely related to regional establishment and capacity building of colleges or national research institutes with the capability of applying for patents. In addition, strategic approaches need to be adopted by companies and governments (local or national) to improve open innovation among these organizations, SMEs, or start-ups.
Second, to maximize the characteristics of a knowledge city in a large city, the improvement of open innovation across the city is essential. This means that enhancing diverse open innovation in a large city is a core strategy for continuous growth and qualitative development of the city in terms of content.
Third, if strengthening open innovation by SMEs or start-ups is set as a corporate strategy or a government policy, it will become a source of the development of knowledge-based urbanization, and continued economic development of a knowledge city, as well as of the total knowledge assets. In addition, the improvement of open innovation of SMEs and start-ups, along with large companies, will have a positive impact on all of them.
Research limits and additional research topics
First, this research is limited to the four selected cities in Korea. Further research is needed on global open innovation regions or cities like Silicon Valley in the U.S., and the Zhongguancun High-tech Zone in China.
Second, for this research, 30 years of changes (1981 to 2010) within four cities were analyzed. The study interval should be made larger and future research conducted by applying the framework analysis used in this research. This would provide more universal results and implications extending beyond the special situations inherent in the current study interval. 
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Third, this research is limited to mutual patent applications as a target of open innovation. In the future, additional research will need to be conducted on various other open-innovation channels such as patent citations, intellectual property right transfers, licensing, and M&A. Finally, a great deal more results need to be generated and a wider set of implications need to be drawn. 
